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Abstract Juvenile three-keeled pond turtles (Chinemys reevesii) were fed diets supplemented with vitamin C (Vc) 
at doses of 0 (basal diet, Vc0), 100 (Vc100), 200 (Vc200), 500 (Vc500) and 2500 (Vc2500) mg/kg diets at 28°C 
for 4 weeks, respectively. Then, the water temperature was gradually reduced to 10°C, and the turtles were induced 
into hibernation. Liver tissue samples were collected at three time points: start of hibernation (T1), 4 and 6 weeks’ 
hibernation (T2 and T3). A control group fed with the basal diet was set to parallel the whole treatment process, but 
reared at 28°C constantly. The results showed that hibernation mildly affected the antioxidant system and the influence 
varied with hibernating time. Hepatic malondialdehyde content of the Vc100 group was significantly lower than that of 
the other groups at T1. At T2, hepatic MDA in the groups of Vc500 and Vc2500 decreased significantly, while no clear 
differences were found among all groups at T3. The activities of antioxidant enzymes showed a positive correlation with 
dietary Vc dose before hibernation. After hibernation, total antioxidant capability was not affected by Vc. Superoxide 
dismutase activity became similar in different groups at T2, but decreased in higher Vc groups (= 200 mg/kg) at T3. 
Glutathione peroxidase and glutathione-S-transferase activities decreased significantly with dietary Vc supplementation 
(= 100 mg/kg) at T2, but recovered at T3. The result indicates that under normal rearing condition, low dietary Vc 
supplementation (< 100 mg/kg) might be beneficial to the antioxidant defense system. The effect of dietary Vc on the 
antioxidant defense system differed during hibernation. 
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1. Introduction 


The three-keeled pond turtle (Chinemys reevesii) is a fresh 
water turtle species with great economic value. Turtle 
breeding in China has become a developing industry 
(Zhang, 2000). However, one of the big problems in turtle 
breeding is the high mortality of juvenile turtles soon after 
hibernation. In nature, turtles go into hibernation when the 
temperature is low (Reese et al., 2001). Reactive oxygen 
species, generated during hibernation especially when 
the environment is anoxic (Duranteau et al., 1998), will 
mediate lipid peroxidation and DNA damage (Halliwell 
et al., 2007; Niki, 2009). A well-developed antioxidant 
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defense system can minimizes oxidative damage during 
hibernation (Baker et al., 2007). 

Numerous studies have demonstrated that Vitamin C 
(Vc) has an important role in improving the anti-stress 
capability and immune function in ectotherms (Dunier 
et al., 1995; Verlhac et al., 1998; Zhou et al., 2003, 
2005). Vc is a well-known antioxidant which protects 
cell membrane from reactive oxygen species (Hong et 
al., 2002; Liu et al., 1998; Ochiai et al., 2006). However, 
there are few reports on the role of Vc during turtles’ 
hibernation (Qian et al., 2008). In this study, we evaluated 
the effect of dietary Vc on the antioxidant defense system 
of hibernating juvenile turtles to provide basic data for 
turtle breeding. 


2. Materials and Methods 


2.1 Animals Juvenile three-keeled pond turtles were 
reared in 68 x 40 x 38 cm plastic tanks with 8 turtles in 
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each tank. The water depth was kept 6 cm, and water 


temperature at 28 + 1°C, with a fixed photoperiod of 
10 L: 14 D. Aerated tap water was used with dissolved 
oxygen more than 5 mg/L at pH 7.9. Turtles were fed to 
satiety at 03:00 pm everyday, and the diet and feces were 
removed half an hour later. We changed the water one 
third once a day with isothermal aerated tap water during 
the feeding period. The Vc source for the experiment was 
Vc phosphate (containing 35% Vc) provided by Beijing 
Sangpu Biological Science and Technology Ltd. Table 
1 shows the biochemical composition and energy of the 
basal diet. We added Vc phosphate in the basal diet to 
prepare experimental diets which contained Ve of 100 
mg/kg, 200 mg/kg, 500 mg/kg and 2500 mg/kg, and the 
diets were stored in the dark at -20°C. The basal diet was 
given to the turtles for three weeks before the experiment 
started. 


Table 1 Biochemical composition of the basal diet (Mean + S. E.). 


Moisture Crude protein Crude lipid Crude ash Energy content 
(%) (%) (%) (%) (Jing) 
6.33 + 0.04 42.41 +0.53 9.05+0.13 13.42+0.08 18.06 + 0.09 


Healthy juvenile turtles (88.9 + 2.45 g) were randomly 
selected and divided into 6 groups: control (basal diet, no 
hibernation), Vc0 (0 mg/kg), Vc100 (100 mg/kg), Vc200 
(200 mg/kg), Vc500 (500 mg/kg), and Vc2500 (2500 mg/ 
kg). Each group contained 3 parallel groups, with 8 turtles 
in each parallel group. The experimental turtles in the 
Vc0 to Vc2500 groups were fed with the corresponding 
diets at 28°C for 4 weeks. Then, the water temperature 
was gradually reduced to 10°C within one week, thereby 
inducing hibernation. Liver tissue samples were collected 
at three time points: start of hibernation (T1, right before 
the temperature was reduced), and 4 and 6 weeks into 
hibernation (T2 and T3). The water temperature was 
kept at 10 + 1°C during the hibernation, while that 
of the control group was kept at 28 + 1°C constantly. 
Furthermore, the control turtles were fed with basal diet 
until the end of the experiment. After 48 hours starvation, 


the turtles were sacrificed rapidly at every sampling 
time and dissected immediately on ice. The liver tissue 
samples were collected and stored at -80°C. 


2.2 Indexes and analysis The protein and 
malondialdehyde (MDA) content, total antioxidant 
capability (T-AOC), superoxide dismutase (SOD), 
Glutathione peroxidase (GPX) and glutathione-S- 
transferase (GST) activities were measured with reagent 
kits provided by the Nanjing Jiancheng Institute of 
Biological Products according to their instructions. 


Data, expressed as Mean + S. E., were statistically 
analyzed using SPSS 13.0. All data were initially tested 
by a One-sample Kolmogorov-Smirnov Test and Test 
of Homogeneity of Variances. The interaction of the 
two factors (hibernation and rearing time) was checked 
by two-way ANOVA. Then, Independent-Samples 
T-Test was used to assess the effect of hibernation by 
comparing the VcO group with the control group, while 
one-way ANOVA was employed to check the changes 
in different sampling time within the VcO group and 
the control group, respectively. Comparisons were done 
with one-way ANOVA to check the effect of dietary Vc. 
If a significant difference was found, least significant 
difference (LSD) was followed for multiple comparisons. 
The level of significance was set at P < 0.05. 


3. Results 


3.1 Effects of hibernation and rearing time on the 
antioxidant defense system The effects of hibernation 
and rearing time on the antioxidant defense system 
are shown in Table 2. There were interactions between 
hibernation and rearing time for all the indexes (two- 
way ANOVA, P < 0.05). No significant differences were 
found between the control group and the VcO group at 
T2 for MDA content, T-AOC, GPX and GST activities 
(Independent-Samples 7-Test, P > 0.05). Only the SOD 
activity of the VcO group at T2 was significantly higher 
than that of the control group (P = 0.006). At T3, there 
were no significant differences between the control group 
and the VcO group for all the indexes (Independent- 


Table 2 Effects of hibernation and rearing time on the antioxidant 
defense system in C. reevesii (Mean + S. E.). 


Control Vc 0 

MDA Tl 1.56 + 0.22 1.65+0.14° 
n=8 T2 1.50 + 0.06 1.50 + 0.05° 
T3 1.84 + 0.08 1.93 + 0.06" 

T-AOC TI 0.95 + 0.06 0.83 + 0.04 

n=8 T2 0.85 + 0.07 1.13+0.13 

T3 0.96 + 0.04 1.07 + 0.09 

SOD TU 120.23 + 5.66 96.37 + 5.03” 
n=8 T2 106.25 + 4.41 122.79 + 2.53" 
T3 115.77 + 4.50 119.22 + 4.39" 

GPX Tl 8.28 + 0.38 7.47+0.54° 
n=8 T2 8.92 + 0.66 9.20 + 0.34" 
T3 7.08 + 0.67 7.23 + 0.40° 

GST Tl 47.38 + 3.01° 41.86 + 2.23° 
n=8 T2 57.19 + 2.38" 62.60 + 1.59° 
T3 42.05 + 1.35? 39.864 1.27 


Data with different superscript letters are statistically different 
(differences among T1, T2 and T3 in the same group). 

*: indicates statistically significant differences between two groups at the 
same time (P < 0.05). 


No. 2 


Samples 7-Test, P > 0.05). For the control group, no 
significant changes were found through the whole 
rearing process for MDA content, T-AOC, SOD and 
GPX activities (ANOVA, P > 0.05). The GST activity 
at T2 was significantly higher than that at T1 and T3 (P 
= 0.001). For the VcO group, hepatic MDA, SOD, GPX 
and GST activities varied clearly at different sampling 
times (ANOVA, P < 0.05), except T-AOC , which did not 
change much during the experimental trial (P > 0.05). 


3.2 Effect of dietary Vc on the antioxidant defense 
system The effect of dietary Vc on hepatic MDA content 
at different times is shown in Figure 1. At T1, significant 
differences were found among groups (F4, 33 = 4.722, 
P = 0.004). The MDA content of the Vc100 group was 
significantly lower than that of other groups, while there 
were no clear differences among the other groups. Dietary 
Vc also showed significant effect on MDA at T2 (F, 33 = 
5.975, P = 0.001). The MDA content was clearly lower 
in the higher Vc dose groups (Vc500 and 2500). At T3, 
hepatic MDA became similar among groups (F, 3) = 


2:5 


MDA(nmol/mgprot) 


Ve2500 


Vc0 Vc100 Vc200  Vc500 


Treatment groups 


Figure 1 Effect of dietary Vc on hepatic MDA content in C. reevesii 
(Mean + S. E.). Three sampling time points: Start of hibernation 
(T1), 4 and 6 weeks’ hibernation (T2 and T3). Bars with different 
superscripts are statistically different (P < 0.05). The same below. 
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2.068, P = 0.108). 

As shown in Figure 2, significant differences of hepatic 
T-AOC at T1 were found among groups (F, 3; = 5.076, P 
= 0.002). Dietary Vc was positively related with T-AOC. 
During hibernation, Vc showed no marked influence on 
T-AOC (T2: Fy, 34 = 1.613, P = 0.194; T3: Fy, 35 = 0.672, P 
= 0.616). 


T-AOC(U/mgprot) 


Vc2500 


Vc0 Vc100 Vc200 Vc500 


Treatment groups 


Figure 2 Effect of dietary Vc on hepatic T-AOC in C. reevesii 
(Mean + S. E.). 


Before hibernation, dietary Vc showed a significantly 
positive influence on the SOD activity (Figure 3 A: F, 35 
= 5.819, P= 0.001). At T2, the SOD activity was similar 
among groups (Figure 3 B: F, 44 = 1.988, P = 0.118). 
At T3, the SOD activity decreased clearly in higher Vc 
dose groups (= 200 mg/kg; Figure 3 C: Fy 35 = 7.959, P < 
0.001). 

Hepatic GPX activity was not affected by dietary Vc 
before hibernation (Figure 4 A: F, 3; = 1.216, P = 0.321). 
During hibernation at T2, the GPX activity of the dietary 
Vc supplemented groups was significantly lower than that 
of the VcO group (Figure 4 B: F, 3 = 4.230, P = 0.007). 
However, the GPX activity became similar among groups 
at T3 (Figure 4 C: F, ,; = 1.536, P= 0.213) 


154 Asian Herpetological Research Vol. 3 
12 
1507 ATI ATI 
a 
120 a f a 
a 
b b i 8 f } a 


H o 


90 


SOD(U/mgprot) 


Vc500 


Vc2500 


VcO Vc100 Vc200 


Treatment groups 


Figure 3 Effect of dietary Vc on hepatic SOD activity in C. 
reevesii (Mean + S. E.). 


Before hibernation, the GST activity of the Vc2500 
group was significantly higher than that of the other 
groups (Figure 5 A: F, 3s = 3.875, P = 0.010). When 
hibernated for 4 weeks, the GST activity in higher Vc 
dose groups (Vc200—2500) became significantly lower 
than that of the other two groups (Figure 5 B: F, 34 
= 44.081, P < 0.001). At T3, dietary Vc still showed 
significant influence on the GST activity (Figure 5 C: F4 3, 
= 3.659, P = 0.013). The Vc500 group showed the highest 
GST activity. 


4. Discussion 


4.1 Effect of hibernation on the antioxidant defense 
system of juvenile three-keeled pond turtles Hermes- 
Lima et al. (1993) discovered with garter snakes 
that freezing made muscle CAT, GPX and lung CAT 
significantly increased. Voituron et al. (2006) suggested 
that the activation of the antioxidant enzyme systems was 
an effective ecological strategy in response to excessive 
oxygen free radicals after freezing or arousal. Our results 
suggested that hibernation showed a mild influence on 
the antioxidant defense system. Turtles hibernating in 
normoxic water had only minor disturbances to their 
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Figure 4 Effect of dietary Vc on hepatic GPX activity in C. reevesii 
(Mean + S. E.). 


acid-base and ionic status, while in anoxic water it 
became severe (Reese et al., 2001). In the context of our 
experiment, the turtles were hibernated at a water depth 
of 6 cm at 10°C, which was not extremely cold or anoxic. 
Biochemical adaptation for natural anoxia tolerance in 
turtles includes well-developed antioxidant defenses that 
minimize or prevent damage by reactive oxygen species 
during hibernation (Willmore et al., 1997). We discovered 
that hepatic MDA, SOD, GPX and GST activities in the 
VcO group varied clearly at different sampling times 
(Table 2), which indicates that the influence of hibernation 
on the antioxidant defense system varies with hibernating 
time. 


4.2 Effect of dietary Vc on the antioxidant defense 
system of juvenile three-keeled pond turtles 
order to make sure that the role of Vc could not be 
affected by different sampling times, we assessed the 
role of Vc at time points. Zhou et al. (2005) suggested 
that supplementation of Vc higher than 250 mg/kg was 
necessary to reduce the adverse effect of acid stress. There 
are many studies (Mourente et al., 2002; Liu et al., 2007) 
reporting the effect of dietary vitamin E supplementation 
on antioxidant enzyme activities. However, studies on the 
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Figure 5 Effect of dietary Vc on hepatic GST activity in C. reevesii 
(Mean + S. E.). 


effect of dietary Vc on an aquatic organism’s antioxidant 
enzyme activities are few. Liu et al. (2009) reported that 
lack of Ve would significantly increase hepatic SOD 
activity and MDA content in Chinese longsnout catfish. 
Li et al. (2009) reported that the supplementation of Vc 
could improve antioxidation of Broilers. When dietary 
Vc increased from 0 to 100 mg/kg and 200 mg/kg, the 
activity of Cu-Zn SOD was increased by 11.14% and 
23.99%, while GPX by 0.48% and 4.95%, respectively. 
MDA level was decreased by 11.71% when dietary Vc 
increased from 0 to 200 mg/kg. In our study, the MDA 
content of the Vcl00 group was significantly lower 
than that of the other groups, while there were no clear 
differences among the other groups before hibernation 
(Figure 1 A), indicating that adding a small amount of 
Vc (Vc100) under normal rearing condition may help 
to reduce the extent of lipid peroxidation. However, 
the MDA content did not drop in high Vc dose groups 
(Vc500, Vc2500); in other words, the positive effect of 
dietary Vc was not observed. Activities of antioxidant 
enzymes showed a positive correlation with dietary Vc 
dose before hibernation (Figures 2, 3, 5 A). Vc may act 
as an antioxidant, but, simultaneously, it may negatively 
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impact the endogenous protection and repair system 
(Selman et al., 2006). The result suggests that in high 
dose of Ve groups (Vc500, Vc2500), although the 
addition of Vc could improve the vitality of antioxidant 
enzymes, it simultaneously brings a negative impact. The 
increased antioxidant capability counteracted the adverse 
effect brought by high dose of dietary Vc. 

Qian (2007) suggested that Vc diet may help protect 
the liver in juvenile soft-shelled turtles partly due to lipid 
peroxidation during its hibernation. In our study, the MDA 
content was clearly lower in the higher Vc dose groups 
(Vc500 and Vc2500) after four weeks hibernating, but at 
T3, hepatic MDA became similar among groups (Figure 
1 B, C). During hibernation, Vc showed no marked 
influence on T-AOC. The positive effect of small Vc dose 
decreased, while high Vc supplementation seemed to play 
a positive roll in reducing the extent of lipid peroxidation 
after four weeks of hibernation. The SOD activity at T3, 
the GPX activity at T2, the GST activity at T2 decreased 
in higher Vc dose groups, while they changed at other 
times. We speculated that the requirement of Vc for turtles 
varied with hibernation time. More investigations should 
be done for Vc requirements of turtles during hibernation 
in relation to the hibernating environment. 
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